UNDERFILL SYSTEM FOR SEMICONDUCTOR PACKAGE 

This application relies for priority upon Korean Patent Application No. 2001-1306, 
filed on January 10, 2001, the contents of which are herein incorporated by reference in their 
5 entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
10 The present invention relates to semiconductor packaging and, more 

particularly, to an underfill system for a semiconductor package that prevents voids or 
bubbles within a gap between a semiconductor chip and a substrate during an underfill 
£3 process and which shortens the underfill time. 

^15 2. Description of the Related Arts 

jS There are many bonding techniques for semiconductor devices, i.e., wire 

- s H 

a bonding, tape automated bonding (TAB), flip chip bonding, anisotropic conductive 

m film (ACF) bonding, etc. Recent trends in electronics development are towards light 

J]j weight, miniaturization, high speed, multi-fimctionalization, high quality, high 

p20 reliability and so on. In order to satisfy these demands, the flip chip bonding technique 

i 

has been introduced and widely employed. 

The flip-chip bonding technique involves mounting a semiconductor chip onto 
a substrate through bonding bumps formed on the electrode pads of the semiconductor 
chip. Solder bumps, Au bumps or stud bumps are used. Solder bumps and Au bumps 
25 are formed by a plating method, while stud bumps are formed by a wire-bonding 
method. 

After flip-chip bonding the semiconductor chip to the substrate, in order to 
prevent failures due to differences in thermal expansion coefficients of the 
semiconductor chip and the substrate, an underfill process for filling the gap between 
30 the semiconductor chip and the substrate with a filling material is performed. FIG. 1 is 
a cross-sectional view of a portion of a semiconductor package, where a gap between 
a semiconductor chip and a substrate is filled by the prior art underfill method. 
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As shown in FIG. 1, a dispensing method is conventionally used as the 
underfill method. After flip chip bonding bumps 14 attach a surface of a 
semiconductor chip 12 to a substrate 10, the gap between the semiconductor chip 12 
and the substrate 10 is filled by injecting a liquid filling material 18 with a dispenser 
16. Reference number 19 represents a piston 19 for injecting the filling material 18 
into the gap. 

In the above-described dispensing method, the filling speed of the filling 
material 18 is determined by surface tension between the semiconductor chip 12 and 
the substrate 10. The consequent long filling time of the filling material 18 and high 
number of bumps 14 cause voids or air bubbles to form within the gap. 

In order to solve this problem, the filling speed of the filling material should 
be increased by supplying injection pressure or by performing the filling under 
vacuum conditions. 

However, in case of supplying injection pressure so as to fill the gap with the 
filling material, the bumps may deviate from their earlier original positions by the 
filling speed of the filling material. 

In case of supplying a vacuum condition, as disclosed in U.S. Patent No. 
5,866,442, an underfill apparatus using a vacuum condition requires additional 
equipment such as a pressure pump and a vacuum pump, thereby increasing the 
fabrication cost. Furthermore, since this apparatus cannot simultaneously carry out the 
underfill process to a plurality of the substrates, it reduces the production yield. 

SUMMARY OF THE INVENTION 

The present invention provides an underfill system for fabricating a 
semiconductor package, while preventing voids within the gap and shortening the 
underfill time with a low production cost. 

Also, the underfill system can concurrently carry out the underfill process on a 
plurality of substrates. 

According to one embodiment, an underfill system for filling gaps between 
semiconductor chips and substrates comprises a blower for blowing air, an air duct 
coupled to the blower, the air duct comprising a main duct connected to the blower 
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and a plurality of sub-ducts each having an outlet being connected to the main duct 
and an inlet to be disposed along one side of the semiconductor chip. A filling material 
from a dispenser fills the gaps by suction due to the pressure difference between the 
main duct and the sub-duct. 

Thus, the present invention shortens the filling time of the underfill process 
and prevents voids or air bubbles of the filling material from forming within the gap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the present invention will 
be readily understood with reference to the following detailed description thereof 
provided in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, and, in which: 

FIG. 1 is a cross-sectional view of a semiconductor package, where a gap 
between a semiconductor chip and a substrate is filled by the prior art underfill 
method; 

FIG. 2 is a schematic view of an underfill system for a semiconductor package 
in accordance with an embodiment of the present invention; 

FIG. 3 is an enlarged schematic plan view illustrating the underfill principle of 
the underfill system of the present invention; 

FIG. 4 is a perspective view showing a step of underfilling a gap between a 
semiconductor chip and a substrate with a liquid filling material in accordance with 
the present invention; and 

FIG. 5 is a cross-sectional view taken along the line I-I in FIG. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described below with 
reference to the accompanying drawings. 

FIG. 2 is a schematic view of an underfill system 20 for a semiconductor 
package in accordance with an embodiment of the present invention. As shown in FIG. 
2, the underfill system 20 comprises a blower 22 for providing air, an air duct 21 as a 
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passage of air from the blower 22, and a filling material provider such as a dispenser 
36 for providing a filling material 38 onto gaps between semiconductor chips 32 and 
substrates 30. 

The blower 22 provides air at a predetermined speed along the air duct 21. A 
5 hydraulic-type, fan-type or pneumatic-type blowing system is used as the blower 22. 
However, any blowing system of providing air at a predetermined velocity may be 
used as the blower 22. Air provided from the blower 22 is at a temperature of 25 °C or 
higher. The reason for this will be described below. 

The air duct 21 connected to the blower 22 comprises a main duct 23 and a 
10 plurality of sub-ducts 25 connected to the main duct 23 at a predetermined interval. 
The main duct 23 serves as a passage of air provided from the blower 22. One end of 
each sub-duct 25 is connected to the main duct 23 and the other end of each sub-duct 
h 25 is close to one side of a semiconductor chip 32 on the upper surface of a substrate 
H 30. The main duct 23 may have any type of cross-sectional shape, such as circular, 

15 oval, rectangular, square, or any other shape. 
CO The dispenser 36 is formed on the opposite side of the semiconductor chip 32 

7 and provides the filling material 38 to the gap between the semiconductor chip 32 and 
IZ the substrate 30. 

W Under the condition of blowing air at a predetermined velocity along the main 

C320 duct 23 by the blower 22, the dispenser 36 provides the filling material 38 to the gap 
between the semiconductor chip 32 and the substrate 30. Then, due to the pressure 
difference between the main duct 23 and the sub-ducts 25, air flows from the 
semiconductor chip 32 into the sub-duct 25, creating suction and filling the gap 
between the chip 32 and the substrate 30 with the filling material 38 from the 
25 dispenser side of the chip 32 to the sub-duct side of the chip 32. Moreover, air 
provided from the blower 22 is at a temperature of approximately 25 °C or higher, 
thereby increasing the pressure difference between the main duct 23 and the sub-duct 
25. This shortens the filling time of the filling material 38. Herein, reference number 
27 represents the direction of air flow within the main duct 23 and reference number 
30 29 represents the direction of an air flow from the sub-duct 25 to the main duct 23. 
Reference number 37 represents the direction of the filling material 38 flow. 

A valve 24 for controlling the speed of air blown from the blower 22 is located 
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on the main duct 23. One end of a timer 26 for checking the underfilling time is 
connected to the valve 24 and the other end of the timer 26 is connected to a controller 
28 for controlling the underfill system 20. Preferably, the valve 24 is located on a 
region of the main duct 23 between the first sub-duct 25 and the blower 22. 

With reference to FIG 3, the principle of assisting the movement of the filling 
material according to an embodiment of the present invention is described in detail 
below. When air at a predetermined speed V 2 is blown into the main duct 23, a 
pressure difference P2-P1 between the main duct 23 and the sub-duct 25 results. The 
pressure difference P2-P1 can be calculated by Bernoulli's Equation. 

[Equation 1] 

P! + 1/2 pVi 2 +pghi= P 2 + 1/2 pV 2 2 +pgh 2 

When there is a pressure difference P 2 -Pi between the main duct 23 and the 
sub-duct 25, air can be injected from the sub-duct 25 into the main duct 23, thereby 
increasing the speed at which the filling material fills the gap between the 
semiconductor chip 32 and the substrate 30. Herein, the filling time t fi n of the filling 
material can be calculated by Equation 2 described below. 

[Equation 2] 

t fi n= 6r|L 2 /€Ph 

Herein, eta represents the viscosity of the filling material, and L represents a 
length from one side to the other side of the semiconductor chip. eP represents the 
pressure difference P 2 -Pi between the main duct 23 and the sub-duct 25, and h 
represents the distance between the substrate and the semiconductor package. 

As shown in Equation 2, the greater the pressure difference eP between the 
main duct 23 and the sub-duct 25, the shorter the filling time of the filling material. 

As shown in Equation 1, the pressure difference is determined by the speed V 2 
of air blown into the main duct 23, the length of the sub-duct 25, and the ratio of the 
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width of the inlet of the sub-duct 25 to the width of the outlet of the sub-duct 25 
connected to the main duct 23. Reference number 25a shown in a dotted line 
represents a sub-duct with a constant inner diameter. 

Referring to FIGs. 2, 4 and 5, an underfill process using the underfill system 
5 20 with the above-described structure is described below. The underfill process starts 
with the preparation of the substrates 30, to each of which a semiconductor chip 32 is 
flip-chip bonded. The underfill process is accomplished at a temperature of 
approximately 80 °C to 1 1 0 °C . 

Next, the substrates 30 are located next to the inlets of the sub-ducts 25. 
10 Although this embodiment of the present invention comprises the sub-ducts 25 
disposed on one side of the main duct 23, the sub-ducts 25 can be disposed on both 
sides of the main duct 23. 

S 

□ The blower 22 blows air at a predetermined velocity along the main duct 23, 

[y and the dispenser 36 provides the filling material 38 to the upper surface of the 
^15 substrate 30. Then, the filling material 38 fills the gap between the chip 32 and the 
JO substrate 20 in a direction from the dispenser 38 toward the sub-ducts 25. That is, the 
s filling material 38 is introduced into the gap by the surface tension between the 

ry semiconductor chip 32 and the substrate 30, and by the air flown from the 
? y semiconductor chip 32 to the sub-ducts 25, creating a suction that draws the filling 
p 20 material 38 across the chip/substrate gap. In order to fill a plurality of gaps at the same 

rate, it is preferable to constantly maintain the velocity of air flown along the main 

duct 23. 

The timer 26 checks the filling time of the filling material 38 and transmits the 
data of the filling time to the controller 28. When the controller 28 receives the data 
25 from the timer 26, the controller 28 closes the valve 24, thereby blocking the flow of 
air along the main duct 23. Then, the underfill process is completed. 

In order to prevent the filling material 38 from being injected into the sub- 
ducts 25, the inlets of the sub-ducts 25 are spaced from the gap between the 
semiconductor chips 32 and the substrates 30 at a predetermined distance. 
30 Alternatively, prior to completely filling the gap with the filling material 38, when the 
gap is incompletely filled by about 3/4, air flow from the sub-duct 24 into the main 
duct 23 is blocked and the gap is completely filled by inertia of earlier air flow and 
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surface tension between the semiconductor chip 32 and the substrate 30. 

The present invention shortens the filling time of the underfill process and 
prevents voids or air bubbles of the filling material from forming within the gap. 

Moreover, the underfill system of the present invention comprises a main duct 
5 and a plurality of sub-ducts, thereby simultaneously carrying out the underfill process 
on a plurality of substrates. At this time, by constantly maintaining the speed of the air 
flowing along the main duct, the underfill process on plural substrates can be 
completed concurrently. 

Further, the underfill system of the present invention uses conventional 
10 dispensing equipment with a modification for forming additional air ducts, thereby 
cutting down the production cost. 

Although the preferred embodiments of the present invention have been 
H described in detail hereinabove, it should be understood that many variations and/or 
[j modifications of the basic inventive concepts apparent to those skilled in the art will 
H{ 15 still fall within the spirit and scope of the present invention as defined in the appended 
W claims. 



PATENT APPLICATION 



MJM Do. No. 9903-39 



